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INVESTIGATIONS OF 

I N  GASES OVER A WIDE RANGE OF DECIMETER 

WAVE FREQUENCIES - PART I 

By G. A. Anashkin 

In a series of works, named i n  references [2, 3, 6-7 are described 

experiments related t o  the investigation of high frequency breakdown i n  
& 7 i b  i t  L L ~  td 

gases with frequencies near and over 3000 Mc i n  a regime of uninterrupted 

generation. 

The theory of high-frequency discharge, worked out f o r  t h a t  very 

case, i s  established f o r  pressures under which it i s  legit imate t o  

u t i l i z e  the electron diffusion i n  the gas representation, with an 

accepted breakdown c r i t e r ion  expressing the equilibrium of charged p a r t i c l e s  

i n  a s tab i l ized  discharge [2]. 

The confrontation or  theory with the obtained experimental data bAo)r.b 

-a good concurrence. Moreover, the  minimum breakdown character- 

i s t i c  takes place when the frequency of e lectrons and gas atoms co l l i s ion  

i s  equal t o  t h a t  of the applied f ie ld .  

The present work i s  devoted t o  the invest igat ion of a high-frequency 

breakdown i n  the air, i n  the Argon and i n  the Neon over a wide range of 

decimeter waves under continuous generation and t o  the confrontation of 

r e s u l t s  obtained with some available high-frequency discharge theories .  
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sz/ccv METHOD OF THE EXPERIMENT 

In  order to investigate high-frequency breakdowns a wide 

range of gas pressure and field frequencies, resonance characteristics 

of short-circuited &amid line of variable length connected to the 
U-hia 

generator were utilized (Fig. 1). 

b.Qid 
Here C - the cc$xial gas discharge section as a component part of a 

reconstructed resonance line and bounded by thin polystrene partitions 

hermetically sealed by application of vacuum consistent putties. G - 
..+ ntt?xcwItJb 

\ generator. T - Thermistor ‘bapacity xeasurer. 
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Two generators of decimeter range were applied: One, operating 

on 85 - 30 cm. waveleqgth range on a metal-ceramic t r iode  performing 

a t  a capacity of up t o  22 ; the second, working on a fixed wavelength 

of 18.5 cm. on a t r iode  
4, 

and yielding up t o  40 hd capacity. 

With the  help of a piston the l ine  w a s  each t i m e  u&W l a h a  tb 
-resonance i n  such a way t h a t  the maximum f i e l d  

in tens i ty  corresponded t o  the center of the gas discharge section. The 

posit ion and the value of the maximum w a s  checked by means of a moving 

probe along the l ine ,  connected with a #JCTn;;d.pT &y measurer 
W b  

'rl T 

half-wave from the middle of the section. c w l l  

e i s  ++ It i s  known t h a t  a& a 

where zo - wave impedance of the l i n e  i n  t h i s  case equal t o  75 ohm. 

amplitude of the high-frequency f i e l d  tension in a c 

wri t ten as 

The 
eo- axid 

x i a l  resonator i s  9(a 

4 mainner and outer radius of the  l ine ;  Where a and 

length of the  resonance l ine ,  "E"lz and z 
dimensional coordinates. 

4 - 
--. 

G - 
r ad ia l  and axial  three- - 

The m a x i m u m  amplitude of the f i e l d  in t ens i ty  i n  the inner conductor 

l i n e  i s  
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Formulas (1) and ( 3 )  give: 

? 

Formula (4) may a l so  be applied i n  a cer ta in  inner section of the 

conductor, as the e l ec t r i c  f ield near the cent ra l  conductor i s  not vary- 

ing & 9 w i t h  the distance, t h i s  section being correspondingly 

la rger  f o r  a greater  wavedlength. 
PLWCZ 
p." t f t .  

The thermistor bridge measures that part of the atpwx&y * which i s  

branched towards the probe. xx To f ind the  whole eqaaciLy i n  the given 

point of the f i e l d  it is  necessary t o  know the probe's t r ans i t i ona l  

weakening which is  determined by the  degree of i t s  se t t ing  on the l i n e  of 

resonance. 
C&&'& 

!&e generator 's  &pacSy increase i s  real ized by means of 

var ia t ion of i t s  anode voltage. 

The moment of the breakdown corresponds t o  a shar deflection of P 
the thermistor bridge ind ica tor ' s  arrow. 

the s t a t i s t i c a l  delay of discharge igni t ion,  a cer ta in  spread of C y  under 

Because of the existence of 
?cL'cr 

which the breakdown occurs, has been observed. 

By means of complementary ionization it was possible t o  obtain a 
,. 

= --T)ppa . . -  . .  _I .. . .  . . .  I .  
T A I : t J * / i f * a t l y  

/.2 w b u . i i v 6  &it u w aJ &tcG-h li*l ~ o n j z ~ ~  P 
I e,"b hfx 6.5 h c .  rLcciv;ly /L&&d a r a d  G Z + W ~ ) .  z L  &p& 

~-,taa-e%c& P j F a c m ,  && p&+ cu-f+ju &&.& 

%A l yL l  L+&&&& $ k. - 1  
i 

I -  The section, whose inner surface was careful ly  cleaned and polished, 
\ *  

w a s  connected w i t h  the vacuum plant. Pr ior  t o  carrying out the experiments, 
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t h i s  sect ion was worked by a high frequency discharge with an i n e r t  gas 
-b and before i t s  f i l l i n g  with the gas, a vacuum of the order of 10 mm - - - 

w a s  real ized nut$ i n  the plant.  

gas ,* ,ali& admixtures s 

with the  help of l iqu id  nitrogen traps.  

0 -  
Air was used as an e 

w w , /  

Spectral ly  pure Argon and Neon 

were selected as electroposi t ive gases. 

Experimental -- Results - ______-- and Their - Discussion 

Figure 2 represents a series of breakdown charac te r i s t ics  

taken from the electronegative gas - the a i r .  These cha rac t e r i s t i c s  e n t a i l  

a dependence of the  breakdown f i e l d  in t ens i ty  upon the gas pressure f o r  

d i f f e ren t  addi t ional  f i e l d  frequencies. Tile areas of f i e l d  pressure and 

frequencies i n  which l a y  the breakdown charac te r i s t ics  correspond t o  the 

t r ans i t i on  from multiple co l l i s ion  of e lectrons w i t h  gas atoms f o r  a s ingle  

half  period of change of a high frequency f i e l d  t o  multiple half periods 

- 

of change of a high frequency 

The value of the energy 

i s  expressed by the known f o  

he f i e l d  by the  electrons ;' 

\ '2 

,x / E being the e f fec t ive  x&p ')&u of 
\ 

/ frequency of e lectrons with gas atoms; G> - 
" , / f i e ld ,  - number of electrons per un i t  of 

- 
CI 

f i e l d  in tens i ty ,  - co l l i s ion  
i 1, 

! t f u  
c i r cu la r  frequency of -+ 

I '  

gas volume, and kl~'$%mss 
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and the charge of the e l e c t r o n d t h i s  

-&p dimension 

legit imate t o  

the gas. The 

. e ' ,  tantamount t o  

and the l i ne  of electrons'  

the r e l a t ion  of the discharge 

f r ee  path i s  such tha t  it i s  

take advantage of the formulation of e lectron diffusion i n  

breakdown conditions i n  similar cases appear t o  be 

the condition o f p L G a t i o n .  Irh & w d ,  
pehuuo 

e the  PUL equal i ty  of e lectron 's  number "n" by way of 

ionization per second and %EE& decreaseby means of diffusion, but i n  

case of 6 electronegative gas, a lso by way of capture of electronJby 
w 

gas molecules with a formation of negative ions during the same lapse 

of t i m e .  L g ]  That i s  why the course of every breakdown charac te r i s t ic  

may be explained i n  the following manner. 

For the  area of high pressure [the r igh t  side of the breakdown 

charac te r i s t ic  E =  f i  1 ) I - d  as the  pressure decreases l e s s  i n t ens i ty  / 
i s  required f o r  the compensation of the electrons '  decrease a t  the 

expense of the electronegative ions formation and diffusion because, 

above a l l ,  and i n  accordance w i t h  ( 5 )  electrons @+At--& a greater  energy 

I 

* *  

from the f i e ld  and the in tens i ty  of the ionization increases.  

', The breakdown character is t ic  minimum E 5 f[p) corresponds t o  the 

greater  energy t ransfer  from the f i e l d  t o  the electron, while, a t  the 

same time, the required f i e l d  in tens i ty  f o r  the breakdown i s  a t  a 

minimum. 

t r ans i t i on  (i .e., 9 U 

case. 

According t o  ( 5 )  t h i s  corresponds t o  the condition of the  
! 

\? ) which i s  experimentally confirmed i n  the given - 
For the area of low pressures ( le f t  side of the  breakdown charac- 

t e r i s t i c  E = f (p) the f i e l d  in t ens i ty  increase w i t h  the  lowering 

of pressure corresponds t o  a decrease of energy acquired from the f i e l d .  
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The se r i e s  of charac te r i s t ics  observed fo r  Argon and Neon follow 

the same course. Figure 3 shows that fo r  the minimum of E = f (p) 

taken f o r  various gases with d i f fe ren t  frequencies, the breakdown in tens i ty ,  

and the pressures corresponding t o  those mi=imj are linked by the same 

l inea r  dependence. 

The angle of incidence of the s t ra ight  l i nes  expressing t h i s  

dependence f o r  d i f fe ren t  gases i s  about the same. 

The degree of ionization and also the  energy acquired by the electron 

from the  high-frequency f i e l d  along the length of the f r e e  path, deter-  

mine the external  & of the discharge which could be observed by 

cu t t ing  a longitudinal s l o t  i n  the section and then covering it by g lass  

with the help of a vacuum t i g h t  putty. 
c&ur 

For lowering pressures, when the -of the electrons '  f r ee  path 
& d w o  

i s  of the same order W the  gas discharge the discharge - 
/ 

case,,. a r e l a t ive ly  homogenous glow. 
c;ttwL 

A s  the  pressure i n c r % s k , F e r i n g  completely the ppip, t i e s  

i t s e l f  up t o  the cent ra l  conductor with a heterogenous glow and a br ighter  

discharge within the area of greater f i e l d  in tens i ty .  

of f i e l d  in tens i ty  the glow heterogenity becBme more apparent. 

With the increase 

N For the 

calculation of the breakdown f i e l d  in tens i ty  it i s  necessary t o  know the 

value of the ionization r a t e  a t  a high frequency y as  a function of E /  

and of f i e l d  frequency 6 
*r % / p  

, i . e . ,  
c- , 

where p = gas pressure and = wavelength i n  the f r ee  space. With 

the  help of known methods the solution of the equation expressing the 
/' 

I/' e, 
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breakdown conditions and the  de ta i led  calculation technique of break- 

down f i e l d  in t ens i ty  i n  case of heterogenous f i e l d  of a wssezml re sonat o r  
@ 4 + t &  

r2-7, w a s  wri t ten by confronting the breakdown cha rac t e r i s t i c s  taken 

quency with the diffusion theory within the  l i m i t s  of i t s  appl icabi l i ty .  

The ionizat ion rate w a s  calculated on the  bas i s  of t heo re t i ca l  
'J 

/ 1 

data  by Kihara [4] who deduced from 

function expressing the electron d is t r ibu t ion  
by* 

high frequency 

energies by means of a solution of Boltmann's k ine t ic  equation. 

the  same t i m e  he took i n t o  account e l a s t i c  and non-elastic e lectron col- 

A t  

l i s i o n s  with the  given gxx$x 

mental data  f o r  an e f fec t ive  

gas '  par t ic les ,  proceeding from experi- 

Figure 4, put t ing t o  use Kihara's formula, shows the coeff ic ient  g 
\ 

L' 

'/p with d i f f e ren t  values f o r  7 as a function of the r e l a t ion  (where \ 

\,/ A =  18.5 c*vl ). 
t 

--c 

A comparison of the experimental and the theore t ica l  breakdown 

in t ens i ty  i s  shown by a curve on Fig. 5 ,  from whichdit may be seen 
tLc~ iace 

area,, a quant i ta t ive d i v e r g e w e l d  r e s u l t  

. For the  l a t t e r  it i s  

indispensable that the length of the electron free path be su f f i c i en t ly  

s m a l l  i n  c a p a r i s o n  with t i e  length of the discharge -A su f f i c i en t ly  
i4dul.ud. 

close conformity of the  theory with the  p rac t i ca l  r e s u l t s  of the experi- 

ment shows tha t  basic processes being used f o r  the development of break- 

down i n  the given case appear t o  be the increase of e lectrons by way 

of ionization and t h e i r  moving away by means of d i f f i s i o n  on the sect ion 's  

w a l l .  



electronegative gas with a corresponding 

duration 00- ) leads t o  expressions which could be confronted 

with the r e s u l t s  obtained i n  the course of 7 continuous generation. 

t r ans i t i on  (assuming the pulse 

J 
3’ 

Posin uses as a breakdown c r i t e r ion  the condition that during the  

lapse of t i m e  of pulse k i s  hmSi f ih t  I’ the concentration of e lectrons 

would increase t o  a su f f i c i en t ly  great  

The solution or  the equation expressing the electron concentration 

var ia t ion  during the t i m e  which leads t o  the expression of the e f fec t ive  

value of the high frequency f i e l d  in tens i ty  

-6 cons t i tu tes  the  foundation of the theory. Here A = 4.10 ; p = pressure 

i n  Dim. ;  Bo = probabi l i ty  of electron K adhesion t o  molecule C with 

formation of a negative ion per t i m e  un i t  and with gas pressure of ) i s - . .  

m, e - c i r cu la r  frequency of the f i e l d  g - f r i c t i o n  factor /  of 

electrons with gas molecules.. 

Figure 6 represents t he  confrontation of experimental breakdown 

curves on 1620 and 665 Mc frequencies with formula (6). It  shows that: 

F i r s t ,  with increased pressures there  i s  a r e l a t ive  correspondence between 

theory and practice,  and Second, t h a t  with pressure lowering the  quanti- 



. t  
a -  

- 10 - 

The good agreement of the diffusion theory with experiments [2J 

and the f a i l u r e  of Posin's theory i n  case of low pressures, show that 

in t h i s  case the  condition of t rans i t ion  t o  a continuous generation 

r/ "2 ( fl.-w ) and the non-taking stock of theor ies  of e lectron 

decrease a t  t he  expense of diffusion does not appear t o  be substan- 

t i a t e d .  

It should also be pointed out that w en c i r cu la r  f i e l d  frequency 
+ _I_ 

nearer the  

experiment 

because it leads t o  i n f i n i t e l y  large values of breakdown f i e l d  in tens i ty .  

The author expresses h i s  thanks t o  Prof. II. A .  KaptzoV for Ir %.e 
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assis tance rendered i n  carrying out t h i s  work. 


